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2.	 StoX	was	principally	built	 to	process	 research‐vessel	 survey	data,	 and	we	have	
included	several	standard	survey	estimation	models.	The	software	was	developed	
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streamlined	 data	 structures,	 documentation	 of	 parameter	 settings	
and	 information	 regarding	 subjective	user	decisions,	make	 it	 nearly	
impossible	 to	 recalculate	 long	 time	 series	 with	 updated	 parameter	
settings,	to	test	the	effect	of	new	methods	and	carry	out	sensitivity	











for	 estimation	of	 acoustic	 trawl	 surveys	 and	was	 developed	 specif-
ically	 for	 IFREMER	 surveys.	 Subsequently,	 it	 requires	 certain	 input	
















The	objective	of	 this	 paper	 is	 to	 (a)	 outline	 the	 general	 design	
of	 StoX;	 (b)	 present	 the	 organization	 of	 data	 files	 and	 storage	 of	
user	 settings	 ensuring	 transparency	 and	 repeatability;	 (c)	 present	
the	 interactions	between	various	 software	components	 in	use;	 (d)	
demonstrate	 (by	examples)	how	standard	annual	 survey	estimates	
are	calculated,	and	 (e)	demonstrate	how	more	advanced	users	can	
utilize	 the	 software	 for	 scientific	 analyses	 and	 sensitivity	 testing.	
Finally,	we	discuss	present	and	future	development	of	StoX	and	give	
an	overview	of	upcoming	modules.









is	a	user‐defined	call	 to	one	function	available	 in	a	 library	of	func-
tions	defined	by	StoX.	Any	StoX	model	can	be	modified	by	changing	
parameters	of	the	processes,	adding	or	removing	processes	and	by	
rearranging	 their	 order	 of	 execution.	Different	 StoX	 functions	 re-
quire	one	or	more	input	datasets,	which	can	be	data	files	or	output	
from	previously	executed	processes	(Figure	1).
3  | INPUT AND OUTPUT DATA
A	StoX	project	is	a	collection	of	files	organized	in	a	folder	structure	
with	 three	subfolders	 (Figure	S1,	Appendix	S1),	one	 for	 input	data	
files,	one	for	output	files	and	one	for	the	subfolder	holding	the	pro-
ject.xml	 file.	 In	 addition,	 StoX	 projects	may	 require	 resource	 files	
such	 as	 strata	 polygons,	which	 are	 shipped	with	 StoX	 and	 can	 be	
F I G U R E  1  Schematic	presentation	of	a	StoX	model	with	
processes	that	use	functions	and	their	associated	parameters.	The	
blue	arrows	indicate	the	output	and	input	data	for	each	process
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complemented	 by	 the	 user.	 StoX	 projects	 and	 resource	 files	 are	
stored	 by	 default	 in	 the	 folder	 “workspace”>	 “stox”,	 in	 subfolders	
named	“project”	and	“reference”,	respectively.
Currently,	 the	 input	data	 are	XML	 files	of	 three	different	data	
types;	 biotic,	 acoustic	 and	 landing	 files	 (Figure	 S1,	 Appendix	 S1).	
Acoustic	 and	biotic	 input	XML	 files	 (see	Appendix	 S2,	 Supporting	
Information	 for	 data	 formats)	 are	 available	 from	 the	 International	
Council	for	the	Exploration	of	the	Sea	(ICES)	Data	Portal,	Acoustic	










4  | THE StoX USER INTERFACE
The	 StoX	 user	 interface	 is	 a	 platform	 independent	 tool	 currently	








5  | THE StoX ‐  R INTERFACE
The	StoX	 functionality	can	be	accessed	 from	R	 through	 the	Rstox	
package,	and	all	StoX	projects	can	be	executed	using	R‐coding.	New	
StoX	projects	can	also	be	created	using	Rstox,	however,	some	set-





6  | CURRENT USE OF StoX
Until	now,	StoX	have	mainly	been	used	to	estimate	stock	abundance	
of	adult	fish	and	several	official	international	and	national	survey	es-
timates	 of	 commercially	 and	 ecologically	 important	 fish	 stocks	 are	
produced	using	Stox.	These	include	North	Atlantic	stocks	such	as	her-
ring,	sprat,	blue	whiting,	cod,	haddock,	lesser	sandeel,	boerfish,	horse	
F I G U R E  2  The	StoX	user	interface.	(A)	Main	Menu;	(B)	Project	window;	(C)	Model	Menu;	(D)	Model	Window;	(E)	Map	and	Report	Menu;	
(F)	Map	and	Report	Window;	(G)	Process	Configuration	and	Distance	Menu;	(H)	Process	Configuration	and	Distance	Window;	(I)	User	
Interface	Menu,	(J)	User	Interface	Window;	(K)	Status	Bar,	and	(L)	Help	Window
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mackerel	 and	 mackerel	 (c.f.	 Appendix	 S4,	 Supporting	 Information).	
StoX	 is	also	used	to	analyse	abundance	of	 fish	 larvae	and	demersal	
fish	 assemblages,	 and	 StoX	 is	 currently	 being	 tested	 for	 surveys	 in	
Argentina,	Sri	Lanka,	South	Africa,	Angola	and	in	the	Baltics.
7  | StoX MODEL E X AMPLES
The	workflow	 and	 StoX	 processes	 for	 the	 swept	 area	 abundance	
estimate	 of	 Barents	 Sea	 cod	 in	 the	 1999	 winter	 survey,	 and	 the	
acoustic	trawl	abundance	estimate	of	herring	the	2016	International	
ecosystem	survey	in	the	Nordic	Seas	are	presented	in	Table	1.
From	 the	 output	 of	 SuperIndAbundance,	 the	 abundance	 esti-
mate	 can	 be	 split	 by	 (or	 a	 combination	 of)	 population	 parameters	






software	 that	 documents	 the	 process	 end‐to‐end.	 In	 parallel	with	
the	development	of	StoX,	 ICES	has	established	databases	to	store	
















The	 output	 from	 the	 intermediate	 steps	 of	 a	 StoX	 project	 is	
available	 either	 directly	 from	 the	 software	 as	 text	 files	 or	 can	 be	
extracted	 using	 Rstox.	 This	 facilitates	 the	 reading	 and	 filtering	 of	
acoustic,	 biotic	 and/or	 landing	 data	 for	 analysis.	 The	 separation	
of	 the	 Java‐based	 StoX	 application	 and	 the	 Rstox	 package,	which	
contains	 a	 copy	 of	 the	 StoX	 function	 library,	 enables	 continuous	


































































































































































example,	 a	depth	dependent	 target	 strength	 (Ona,	2003).	 In	addi-
tion,	new	methods	in	biological	sampling	using	optical	systems	(e.g.	
Rosen,	Jörgensen,	Hammersland‐White,	&	Holst,	2013)	to	pinpoint	
the	catch	to	exact	 layers	and	depths	can	easily	be	 implemented	 in	
StoX.
Modern	 data	 analysis	 pipelines	 usually	 deploy	 automated	ma-
chine	 to	machine	 interfaces	 that	enable	 running	analysis	pipelines	
on	 a	 server.	 Conversely,	 users	 are	 typically	 required	 to	 manually	
handle	 data	 input,	 analysis	 and	 reporting	 when	 using	 traditional	
desktop	 applications.	 A	 major	 strength	 of	 StoX	 and	 Rstox	 is	 that	
they	 facilitate	 both.	 The	 “desktop	 approach”	 (StoX)	 is	 in	 daily	 use	
during	surveys	and	provides	the	assessment	model	 input,	whereas	
the	 backend	 solution	 (run	 through	Rstox)	 run	 on	our	 servers	 pro-
vides	a	tool	to	re‐analyse	the	survey	time	series	without	the	need	
of	 a	manual	point	 and	click	 interface.	This	 is	useful	 for	 a	 range	of	
purposes.	The	parameters	 and	 functions	 can	be	modified	 through	
scripts,	and	the	impact	of	changing	parameters	and	functions	can	be	
tested	 for	 the	entire	 time	series.	This	 includes	sensitivity	analyses	












methods	 for	 fishery	 dependent	 data	 (Hirst	 et	 al.,	 2005),	 develop	
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